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AMPLIFIERS

Amplifiers are used in just about all electronic circuits. In audio
eq1.: 'Jc:,ment, thE~ input to the receiver is too small to power the speaker
system, so it must be amplified before it is .ent to the speaker. ::he
same is true with video equipment, the input signal must be amplified be-
fore it can be presented on a Cathode Ray Tube (Picture tube). In this
block of instruction, you will see the basic types of amplifiers and how
they operate.

Before 6tartin~ into the operation of amplifiers, there are some de-
finitions that~ must be explained to simplify the explanations 8S the
theory is explained.

AMPLIFIER -Amplifiers are devices that provide amplification without
appreciably altering the original signal.

Amplification is the process of increasing the
(Increasing the current, voltage and power of the

AMPLIFICATION -
6tren~th of a 6i~nal.si~nal).

AMPLITUDE --The amplitude of a signal simply describes the size of the
signal (The amplitude of a sine wave is 20VAC PIP).

GAIN -Gaj.n is the comparison of the amount of signal entering the
active component to the amount of signal leaving that component.

ACTIVE COKPONENT -Active components or devices are vacuum tubes.
transistors or integrated circuits.

The main purpose of an amplifier is to provide an increase in the sig-
nal stren~th. This increase in signal stren~th is called gain. By using
a simple formula anyone can determine the gain of an amplifier. If the
input signal il. measured and recorded, th~ gain is determined by dividing
the input si~nals amplitude into the output si~nals amplitude. In the
example below, the input is 5 volts and the output is 100 volts, thus the
~ain would be 20.

INPUT 5V ---~ OUTPUTlOOV

SIGNAL SIGHAL

GAIN = OUTPUT SIGNAL
INPUT SIGNAL
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!QQY.
5V

20

FIGURE 1

Rotice the u[\ount of tain :is listed with just a numeric~l value. The
voltate desitnators have been dropped. Also the symbol for an amplifier
is shown a8 a triantle. Anytime an amplifier is shown on a schematic it
will be drawn as a trianr;le. Each time a signal is amplified it is said
to go throur;h a star;e of amplification. A schematic trianr;le may repre-
sent one or more star;es of amplification. The example in Figure 2 shows
one of the primary uses of an amplifier.

Fi~ure 2

CLASSIFICATION OF AMPLIFIERS: Most amplifiers can be classified in
two ways. The fi.rst classification is by their function, this means they
are basically yoJltate or power amplifiers. The second classification is
by frequency response, this mE!ans they are del;itned to amplify certain

frequencies.

VOLTAGE AHD POWER AMPLIFIERS

Voltase Amplifier: A voltase amplifier is an amplifier in which the
output voltase is larser than the input voltase.

OUT15
---{>

VOLTAGE AMPLIFIER .V PIP20OmV
PIP

Fisure 3
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Power Amplifier: A power amplifier is an amplifier in Which the out-
put 8isnal power is lar&er than the input si&nal power.

2A100 aA

10 "1 W

POWER AMPLIFIER

Fi&ure ~

Frequency Amplifiers: These amplifiers are classified by frequency
re6ponse. The frequency response of an amplifier refers to the band of
frequencies or frequency range the amplifier was desi&ned to amplify. The
components of an amplifier will respond differently at different frequen-
cies, 60 anyone amplifier cannot amplify all frequencies. The transistor
will have frequency limitations an~ respond in different ways as the fre-
quency changes. The components of the circuit (capacitors an~ inductors)
will also change their reactance as the frequency chan&es. Since the com-
ponents of an amplifier varies with the frequency, specific components are
selected to amplify certain frequencies. There are three cate&ories of
frequency amplifiers; An Audio Amplifier, Radio Frequency Amplifier, and
Video Amplifier.

Audio Amplifier -An Audio Amplifier is designed to amplify the entire
band of frequencies contained in the audio range. These frequencies ran&e
from 5Hz to 20KHz.

Radio Frequency Amplifier -A RF Amplifier is desisned to amplify fre-
quencies between 10KHz to 100,OOOKHz. A sinsle amplifier cannot .-plify
all of these frequencies, so any amplifier desisned to amplify a frequency
within this range is called a RF Amplifier.

Video Amplifier -A Video Amplifier is desi&ned to amplify a band of
frequencies between 10Hz and 6KHz. These amplifiers are .ometimes called
WIDE-BAND AMPLIFIERS because of the very wide band of frequencies that are
amplified. these amplifiers do not have as &ood of lain as the narrow band
amplifier. It also has many more components than the narrow band ampli-
fiers.
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TRANSISTOR AMPLIFIERS: Transistor Amplifiers are current control de-
vice6, The amount of current in the base of a transistor controls the
amount of current in the collector. The secret to understandir.t ampli-
fiers is to remember the fact that current controls the tain. If the cur-
rent is controlled in the amplifier then the output voltase can be con-
trolled simply by decreasins or increasins the current that flows throush
the transistor. The base current of a transistor can control the current
flow throush the collector. If only 5~ of the total current flows through
the base, then thJLs small portion of the current will control the entire
operation of the transistor. The capacity of the smaller base current
flow to control tJ1Le larser collector current flow is the basic concept of
a transistor amplij[ier.

Frequency Response of Amplifiers.

Amplifiers are also classified by frequency response. The frequency
response of an amplifier refers to the range of frequencies the amplifier
was designed to amplify, Due to the components that compose an amplifier,
it 'is impossible to construct an amplifier that will amplify frequencies
at 100 hertz and 1000K hertz in the same manner. The amplifying device,
the transistor, w5.ll have some frequency limitations and will respond in
different ways to frequency changes. Also the capacitors and inductors of
the circuit will c:hanr,e reactance as the frequency changes. There will
also be slight amounts of capacitance and inductance between the circuit
wiring and the other components within the circuit. This capacitance is
called stray capacitance, shunt capacitance or interelectrode capacitance.

This capacitan(:e is capacitances between connecting wires and &round.
Also, transistors have these capacitances between their terminals. All
these capacitances are very small, so that at low and medium frequencies
their impedances are very high. As frequencies increase, the impedance of
these capacitances fall. When the impedance is small enough, they begin
to shunt away some of the input and output currents and thus re~uce the
&ain of the amplifier. The inductance found in electronic circuits are
called lead inductance. This inductance is produced by the leads &oing
into the resistors. This inductance is approximately .02 microhenrys per
inch of wire conun01~ly used in electronic circuitry. (AWG 18 to 26) This
inductance can affect the amplifier circuit by reducing the amplitude of
the si&nal. If a :piece of wire in the circuit is 7 inches lon&, it will
have an inductance of .1~ microhenrys. With this small amount of induct-
ance, if the input signal frequency is 10Khz, the inductive reactance is
8.79 ohms.

These inductanc:es and capacitances mayor may not affect the circuitoperation. 
It depends on the resistance and the frequency of the circuit.

Capacitors also have lead inductance and they will form a resonant
circuit at certain frequencies. For instance, if a capacitor is valued at
~1 microfarads and has l,ads of one inch, it will become resonant at

.
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164Khz.
fa .

this is found by usinl the resonant Frequency formula,
1 Under these conditions, if the frequency of the circuit

~-

2 LC
becomes hi&her than 16~Khz. the capacitor will no lon,er act like a capa-
citor but will act like an inductor.

Amplifier Classes of Operation

The class of operation of an amplifier is determined by the amount of
time the current flows in the output circuit when compared to the input
.isnal. There are four classes of operation; A, AD, 8, and C. Each of
these classes has certain uses and characteristics, but no one cla.. of
operation is considered to be better than another class. The .election of
the class to use is detennined by the use of the amplifier. The be.t
class of operation for a audio amplifier would not be the .&me as for a
radio oscillator.

CLASS ACLASS A.

Fllure 5

In a Class A Amplifier. current will flow in the output for lOaL of
the input sisnal. The output is a lO~ copy of the input 8isnal except
the amplitude has increased. This is one of the characteristics of Class
A Amplifiers and is called FIDELITY. Fidelity means the output is just
like the input except for the amplitude. The output has tb~ same shape
and frequency as the input. It is possible in some cases to have a phase
shift between the input and output sisnals but the shape and frequency
would still be the same. Another characteristic of Class A Amplifiers is
low efficiency. Efficiency of an amplifier refers to the amount of power
delivered to the output compared to the power used to operate the

5
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amplifier circuit. If the Class A Amplifier has current flow for 360 de-
Irees'of the input .ilnal. then it will operate all of the time. With the
circuit operatinl continuously, it will take more power to operate than a
circuit that operates for 180 desrees of the input sisnal or about half of
the time. Thus a Class A Amplifiers characteri.tics are sood fidelity and
low efficiency. In a Class A Amplifier the low efficiency i. acceptable
because the efficiency i. not a. important as loocl fidelity.

CLASS AB AMPLIFIER CLASSAB

REFER TO FIGURE 6.

Fi!ure 6

If the amplifier operates for 51~ to 99~ of the input si&nal, it is a
Class AB Amplifier. Since the amplifier does not operate for the complete
input cycle, the output si&nal will not be the same shape as the input
si&nal. In this case, the output si&nal will be distorted. Distortion is
any undesired change in a si&nal from the input to the output. Referring
to Fi&ure 6, the output signal has been clipped off during the positive
alternation. This is caused by the lack of current through the transis-
tor. When the base becomes negative enough, the base-emitter junction
will be reverse biased and cuts the transistor off. From the cutoff point
of the transistor, any increase in the input will not cause an increase in
the output si&nal. The efficiency of the Class AB Amplifier i8 better
than that of a Class A Amplifier because it does not operate for as lons
of time. The fidelity of a Class AB Amplifier is not as &ood as the fi-
delity of a Class J" Amplifier because of the distortion in the output .il-nal.
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CLASS BCLASS B AMPLIFIERS

Class B Amplifiers operate for 50'- of the input si~nal. The base-
emitter bias will not allow the amplifier to operate when the input si&nal
becomene~ative, so the only time the transistor will conduct is durin&
the positive alternation of the input signal. In the case of a Class B
amplifier, the base/emitter junction is biased at or near cutoff in the
static mode. As the positive portion of the input si~nal is applied to
the amplifier, it will forward bias the amplifier and the positive half of
the input signal will be amplified and inverted at the output. The ne&a-
tive portion of the input will reverse bias the amplifier and it will cut
off. For the entire time, the negative half of the input is applied to
the transistor it will remain cutoff and there is no output si~nal. The
output signal will look similar to the output of a rectifier, but remember
that a Class B Amplifier will amplify the portion of the 8i~nal that is
being reproduced and a rectifier will not amplify. A Class B Amplifier is
twice as efficient as a Class A Amplifier because it only operates for 507-
of the input si~nal. Fidelity is low because only half the input .llnal
is bein~ reproduced. Class B Amplifiers are used in cases where only half
the input si~n8ll is needed.

CLASS C AMPLIFIERS

REFER TO FIGURE 8

7
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CLASS C

R1

OUT -v-

w> -

R4

R2

---Fi!ure 8 ~

Class C Amplifiers operate for less than 507. of the input ~i!nal.
Cla~~ C Amplifier5 are u6ed when only a small portion of the input si!nal
i6 needed. Class C amplifiers are biased below cutoff. This means that
the emitter!]~asE! junction is actually reverse biased. Assume the emitter!
Ba6e was reversed biased by 200 mY. If a si!nal was applied to the base
the positive alternation would have to !o at least 200 mV positive before
the transistor would turn on. After the transistor was finally forward
biased. it would then amplify the remainin! portion of the positive alter-
nation. However. when the positive alternation decreases to the point it
can no lon!er hold the transistor conductin!. it will turn off. We see
then that the t~ransistor will conduct for less than 180-. It produces
only a small portion of the input si!nal. It operates for a very small
portion of the input so it is the most efficient of all classes of ampli-
fiers and it has the worst fidelity.

LOAD LINE DEVELOPMENT

Remember, one of the most important characteristics of a transistor is
the ability to resulate current flow and that the base current can control
the current in the collector. In an amplifier, the soal is to take a
small input sisnal and chanse it to a larse output sisnal. To insure pro-
per amplification will be achieved in a transistor, a set of characteris-
tic curves is used to identify the operatins ranse of a transistor. Dur-
ins the basic transistor le.son, characteristic curves and load lines were
explained in det,ail, if any questions concernins either of these are en-
countered refer to that lesson for an explanatiOn. The set of character-
istic curves lives the maximum values for a specific transistor. An op-
eratins point is chosen for the transistor and biasins is established.
The operatins point must be within safe limits of the characteristic curve
or distortion w:Lll occur. To operate the transistor within the linear
area to prevent distortion, a load line is dev'eloped on the curves. The
load line is developed from two assumptions; one is the transistor is
saturated and the other is the transistor is cutoff.

8 II "{
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REFER TO FIGURE 9.

OUTPUT

INPUT

-

Looking at the output. if the transistor is cutoff, there will be no
output and the collector voltage will be +12VDC with 0 amps of current.
This establishes one of the starting points to develop the load line. If
a positive signal is placed on the base, the transistor will conduct and
&0 to saturat:ion. At this time. the output will be near zero volts and
the current will be maximum. The current can be established by using the
resistance and voltage of the circuit. When the transistor is saturated,
the resistance of the collector-emitter junction will be extremely low or
near zero. With this condition. the only resistance will be the collector
resistor. Using Ohms Law to determine current. divide the Vcc by the re-
sistance of Rl. This means the maximum current will be 12mA. With this
information. the characteristic curve and the load line can be established.

9
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Figure 10

If the infclnnation above is placed on the characteristic .curve, a
point will be established for the cutoff and the saturation condition of
the transistor. The first point was under the cutoff condition and the
current on the collector was 0mA and the voltage was 12V on the collector.
If that spot is located on the characteristics curve, it would be pointA. 

The other condition was saturation, that is, maximum current on the
collector (12mA) and minimum voltage (approximately zero). This will be
at point I. If a line is drawn between point A and point I, it will be
the load line for this transistor. The amplifier can be operated at any
point along this load line. At different points along the load line you
can detennine the class of amplifier.

With the load line established, an operating point can be determined
by applying a known current on the base of the amplifier. For instance,
if 100uA is applied to the base, then the current and voltage can be de-
termined for the collector. See figure 11.

10
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Fi~ure 11

With lOOuA applied to the base, the collector-emitter volta&e will be
.VDC and the collector current will be SmA.

To operate an amplifier in the linear region. an operating point must
be established for the amplifier to avoid movin~ the operating point be-
.yond the saturation and the cutoff points. If an input signal is applied
to an amplifier that causes the amplifier to exceed either the cutoff or
saturation point. the output signal will be distorted.

11
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REFER TO FIGURE 12

~..

Fi&ure 12
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To operate an amplifier in Class A operation. the operatin~ point must
be located approximately at the center ot the load line and the input si~-
nal must be established alon~ the linear portion of the load line.

With the operatin! point established at 80uA of base current and the
input si!nal vary in! from 120uA to 40uA, the characteristics of the output
si&nal can be determined. If the operatin! point is when 80uA is applied
to the base, locate Ib 80uA on the characteristic curve and follow the
line to the left until it intersects the load line, which is point A. If
the operatin& point is at point A, then the collector current will be 6mA
and the collector-emitter volta!e will be 6V. If the positive portion of
the input si!nal rises to 120uA, trace that point to the left until it
intersect. the load line (point B), the collector current has increa.ed to
10mA and the collector-emitter volta!e has decreased to 2VDC. This is the
maximum current the collector will feel with this si!nal applied, so the
amplifier will never reach saturation. For the ne!ative portion of the
input si~nal the Ib will decrease to .00A. by followin~ this line to the
point it intersects the load line the minimum collector current can be
determined (point C). At this point the collector current has decreased
to 2mA and the collector-emitter voltage has increased to approximately
10VDC. Notice the amplifier never reaches cutoff. It has been determined
that the output signal will vary from 2VDC and lamA to 10VDC and 2mA. The
input si~nal had a current ranging from 40uA to l20uA on the base and the
output .i~nal has a current ranging from 2mA to lamA. This proves that
the current will be amplified ~reatly and the output si!nal will be a copy
of the input si~nal. This amplifier will be operating lOOT. of the time
and the output signal has no distortion, so with these conditions this

would be a Class A Ampl'ifier.

REFER TO FIGURE 13.

If the operating point is moved in either direction along the load
line. the class of the amplifier will'probably change. Notice in Fi&ure
13 the operating point has been moved from 80uA to .OUa and the input si&-
nal remained the same as in figure 12'.

13

111



TRAHSISTOR AKPLIFIER COHFIGURATIOH PT I FILE 80: ETO.AL-HOl

Fi~ure 13

For the positive alternation of the input signal. the amplifier will
conduct and develop an output signal. The negative alternation of the
input signal will cause the amplifier to cutoff for a portion of the sig-nal. 

Now the amplifier is no longer operating in the Class A Kode, but
does operate in Class AS Mode.

If the operatin& point was moved further down the load line towards
the cutoff point. the amplifier would operate in Class B or Class C Hode.

AKPL~FIER CONFIGURATIONS

Transistor Amplifie~s may be connected in anyone of three basic con-
fisurations. They are the Common Emitter (CE), Common Base (CB).. and C~
mon Collector (CC). They are the very basic ampl:ifiers but the theory can
be used for most amplifiers. The term common (or srounded) indicates that
the particular element of the transistor is associated with both the input
and output sisnals.

14
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COMMON EHITTER AMPLIFIER

In the Common-Emitter Amplifier circuit, the input is applied to the
base-emitter leads and the output is taken from the collector-emitter
leads. Most Common Emitter Amplifiers have volta&e &ains of 300 to 1000
and the output si&nal is 180 de&rees out of phase from the input .ilnal.

r'\..}
INPUT SIGNAL

OUTPUT SIGNAl

Before starting with the circuit theory, 8 few tentls should be ex-
plained.

STATIC STATE OF A TRANSISTOR -The static state means the DC biasin&
voltate is applied but no input AC signal is applied. The transistor is
in a steady state (not varyint). The transistor may be conductin& or cut-
off, depending on the bias on the transistor.

DYNAMIC STATE OF A TRANSISTOR -This describes a state of operation
when the transistor has the DC bias volta&e applied and has an AC ai&nal
applied to the input.

Rb -The base resistor is used to develop the bias volta&e on the base
of the transistor. By chan&in& the value of the base resistor,' the op-
eratin& point can be chan&ed.

Rl -The load resistor is used to develop the output silnal and to
develop the collector voltase for the transistor.

REFER TO FIGURE l~
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STATIC STATE:

If the DC biasin& volta~e is applied to the circuit but no input AC
,11nal 1s applied, the circuit is operatin& in a static state. The base
of the transistor is at .ome positive ~otential compared to the emitter.
The amount of the positive potential depends on the value of the Vce and
the base resistor (Rb). The transistor will be forward biased and current
will flow from the emitter thru the base and thru the collector. With
current flowin& throu&h the tran.istor collector and the load resistor. a
volta&e drop will be developed across the load resistor. The Vcc is eon-
nected to the load resistor Which is in series with the collector of the
transistor. thit; means the collector volta&e will be lower the Vcc because
of the volta&e dropped across the load resistor. For example. if the Vcc
is +12VDC and Rl develops a volta&e drop of 6VDC, the collector volta&es
.will be +6VDC. This is the static state volta&e value of the collector.
This will remain constant unless somethin& within the circuit chan&es
value or an AC input is applied. If the resistance value of the base
resistor is decreased, an increase in the positive potential will be felt
on the base and cause the transistor to conduct more. The load resistor
will develop a lar~er volta~e drop and the collector volta&e will be lower
in the static state. If the base resistor is increased in value, the
transistor will conduct less, causing the volta~e drop across the load
resistor to be less and the collector voltage to increase.

DYNAMIC STATE

In the dynamic mode all DC biasing voltagt~s are present as described
above, the only change will be to apply an AC sitnal to the input. Cl is
the input coupling capacitor. Cl is used to blocK any DC voltate that is
felt on the base of the transistor from beint fed bacK to the tenerator
and causint damage to the ~enerator. It also is used to blocK current
flow from the tenerator to the Vcc source. If the resistance of the base-
emitter junction is hi~her than the resistance of the sitnal 8ource, then
current will flow from the tenerator throuth the base resistor to the Vcc
8ource. This would cause the transistor to cutoff.

The input signal is coupled across Cl to the base of the transistor.
When the positive half of the input is felt on the base, it adds to the
positive voltale that is present from the static state and causes forwardbia. 

to increase on the base, the current flow throulh the emitter will
increase. ~1e base and collector current also will increase. If the cur-
rent in the collect~or circuit increases, the load resistor will drop more
voltale causing the, collector voltale to decrel&8e in value. All this oc-
curs because the base current has chanled, remember the base current in a
transistor controls the collector current. Whl!n the nelative half of the
input .ilnal is coupled to the base, the nelative loins silnal opposes the
DC bias and causes the transistor to decrease in conduction.' If the DC
voltale is decreased, then the current in the base, emitter and collector
will decrease. The decrease in current flow throulh the collector will
cause l8ss voltale to be dropped across the load resistor and a hi&her
voltale value to be felt on the collector.

16
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REFER TO FIGURE 15
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STATIC STATE

Fi~ure 15

Kirchhoff's voltage law states that when calculating the circuit volt-
a~e, the volta~e drops across the loads in any closed loop must add up to
the total supply voltage. This says that the entire 12 volts applied as
Vcc must be dropped across the circuit. If the load resistor ~rops 6V of
the Vcc, the collector-emitter junction must ~rop the other 6 volts.

In the dynamic mode, the input AC si~nal is causing the base current
to vary. This causes the collector current to vary and a180 causes the
volta~e drop across the load resistor to chan~e. If the voltase drop
across the load resistor chanses, the voltase drop across the transistor
will also chanse.. The presence of the varyin~ voltage on the collector
will characterize the transistor as a variable resistor.

17
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REFER TO FIGURE 16.
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Fi~ure 16

When the positive portion of the input sisnal is felt on the base, it
will increase the forward bias of the transistor. If the forward bias is
increased, the resistance of the heavily conducting transistor-'.will de-
crease. Under this condition the collector-emitter junction will drop
less voltase Imd the load resistor will drop more volta~e.

18
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REFER TO FIGURE 17
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Figure 17

When the ne~ative portion of the input si~nal is felt on the base, it
will oppose the forward bias and cause the transistor to decrease in con-
duction. If the forward bias is decreased, the resistance of the transis-
tor will increase and cause the collector-emitter junction to drop more
volt8~e.

Notice the output signal is 180 degrees out of phase from the input.
This is due to chanting the conduction level of the transi.tor. The input
sitnal is not beint transferred across the transistor, it .imple chante.
the biasint of the transistor and either causes more of less current to
flow throuth the transistor. The output aitnal is developed by cauainc a
changint voltage drop across the transistor. The output is the DC voltate
on the collector being varied at an AC rate by the input sicnal applied to
the base.

The silnal in Fi~ure 17 is an exact replica of the input .ilnal except
for the phase and amplitude. When an amplifier develops a .ilnal like
this, it is known as a linear amplifier. If the output .ilnal i. not an
amplified replica it is known as a nonlinear amplifier. Class AB, B, and
C Amplifiers have some di.tortion in the c,utput, so they are nonlinear
amplifiers. The distortion is caused by the amplifier beinl driven into
saturation or cutoff.

19
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COKHON BASE AKPLIFIERS

REFER TO FIGURE 18

Fi&ure 18

The Common-Base Amplifier receives the input sitnal on the emitter and
the output is taken from the collector. With no sitnal to this circuit,
the collector will have a constant positive voltate, the base will have
some small positive voltage that will be developed by the bias network of
Rl and R2 and the emitter will have 8 voltate which will be less positive
than the base.

The Common-Base Amplifier is ~inly used for impedance matchin&. It
has a low input impedance and a hi&h output impedance. Impedance i8 de-
fined as the total resistance offered to an AC si&nal. Input impedance is
the loadin& effect the amplifier will present to the silnal source.

20
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REFER TO FIGURE 19

Fi&ure 19

When the amplifier is connected to the signal source. the .ignal
source sees the amplifier as a load, not as an amplifier. The load .een
by the signal source is the input impedance of the amplifier. Different
amplifiers. that is. amplifiers with different component values. will have
different impedance values. Signal sources will also have different out-
put impedance values. For example, the Hewlett-Packard Function Genera-
tor, Model 3311A. has an output impedance of 600 ohms and the VIZ Genera-
tor. Model WR-50C. has an output impedance of approximately 10.000 ohms.
If the maximum signal is to be transferred from the signal source to the
input of the amplifier. the resistances of the signal source and the am-

plifier must be equal. The process of making impedances matching is im-
portant because of power developed by the amplifier. If the output imped-
ance of the signal source and the input impedance of the amplifier is

matched. the amplifier will develop maximum power.

REFER TO FIGURE 20.
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The. output voltase from the .isnal source i. 10 volts and the output
impedance of the .isnal .ource is 5 ohms (IS). The amplifier has an out-
put i8pedance ot 5 ohms (R1). With this infor8ation it is po..ible to
determine the amount of power that will be developed by the -.plifier.
V.ins the basic power fo~la. P -I .quared X .and Olmas's Law, the cir-
cuit values can be found. to find the .of tM circuit. 8~11 84d the
re.i.tance. of the output i8Pedance of the 81snal 8ource (IS -5 0188) and
the input impel~an(:e of the -.plifier (a1 -5 otD8). 80 R equal. 10 0188.

Then. usins the re.istance and voltase. find the current. I -I divided
by R, Which i. 10V divided by 10 oh8s. which equal. lA. .ow that the cur-
rent i. known power can be determined, power developed acto.. the ~li-
fier is equal to the current .quared times the input impedance. If the
current i. lA and theresi.tance i. 5 ohms, the power i. 5 watt.. So 5
walts is the maxiDJDI power that can be developed by this amplifier. If
the input impedance of the amplifier is chansed, the power will decree.e.

22
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REFER TO FIGURE 21.
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The point where the resistances of the si&nal source and the amplifier
are equal is the only point that maximum power can be developed across the
amplifier.

To detennine the input and output iapedanC4! of an amplifier, look for
the convnon tenninal of the transistor and decil5e how the input and output
si&nals are developed. For example, the Common-Base Amplifier develops
the input si&nal across the ba.e-emitter junc't.ion and the output .i&nal
across the base,-co].lector junction. The base-emitter junction is forward
biased thus the resistance is low. This 8eans the input impedance for a
Conlnon-Base Amp:Lifi.er is low.. The base-collector junction of a C~on
Base Amplifier is reversed biased, so the output impedance will be biSh.

STATIC STATE (NO INPUT)

With no input si~nal applied to the emitter, the transist.or will be
forward biased and will conduct. When t.he oper8tin~ volt.a~e is applied at
pin 0, current. will flow from t.he ~round at the bot.tom of R3 thru R2 to
the power source.

This current will develop a low positive volta~e at TP2. The positive
volta~e at TP2 (approximately 2 volts) will forward bias Ql and cause it
to conduct. When Ql conducts, current will flow from ~round thru R5, Ql
and R4. This current flow will develop a small positive voltase on the
emitter of Q1. This voltage will "be approximately 1.4 volts. Al8o this
current will cause a volta~e drop across~"R4 of about 4.8 volts, this
leaves approximately 7.2 volts, which is felt on the collector or Ql. The
transistor ~'ill stay in this state until a sisnal is applied to the emit-
ter. R2 and R3 are the bias developing resistors for Ql and establish the
operating point ot Ql. To change the operatins point of this amplifier,
one ot these resistors must be chansed. If the operatins point is
changed, the amplifier can be changed from one class of operation to an-
other class of operation. (From Class A to Class AS)

DnlAKIC STATE

With an AC signal applied to the Connon-BasI! Amplifier, the conduction
of the transistor is constantly chan&in&. If the conduction i8 chan&in&
the output will also change.

REFER TO FIGURE 18.

The input sisnal is applied to the emitter of the transistor thru cou-
plins capacitor C2. When the positive alternation of the input .isnal i.
felt on the emitter. the positive voltase of the input will .dd to the
voltase that vas developed on the emitter du~ins the static .tat.. If
these added voltases are larser than the voltase on the base. lhe tr~i.-
tor will be driven to cutoff and will not be conl5uctin& in the CIa.. ~~de
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of operation. If the volta&e on the base durin~ the static state is 2
volts and the emitter volta~e is 1.4 volts, the maximum amplitude of the
positive peak can be no larser than .6 volts in amplitude and still remain
a Cla.8 A Amplifier.

When the positive silnal is applied to the emitter, a difference in
the biasinl voltale will occur. If the base voltase was 2 volts and the
emitter voltale was 1.4 volts in the static mode, the bias is .6 volts.
If the positive silnal applied to the emitter has a positive peak of 30
millivolts, the differenee is now .57 volts. This is a small chanle in
volta~e but this chan~e will cause the transistor to chanle the rate of
conduction. If the differences of potential between the base and emitter
varies even a small amount, it will cause the transistor to vary its con-
duction level Ireatly. (Refer to the load line Filure 12). With the dif-
ference of potential between the base and emitter decreased, the conduc-
tion of the transistor will decrease. Usins Ohm's Law, if the voltale
decreases, the current will decrease if resistance remains constant. The
base-emitter junction is forward biased at both points (.6 volts and .57
volts difference) so resistance will remain fairly constant. The differ-
ence of potential decreased, Which means the current thru the transistor
decreased. It the current decreases in the collector, the voltate drop
across the load resistor (R4) will decrease causing the voltage at the
output to increase.

Durin~ the nezative alternation, the input siznal will have the oppo-
site effect on the transistor. When the nezative si~nal is applied to the
emitter, the ne~ative will subtract from the positive volta&e on the emit-
ter, causin~ the difference of potential between the base and emitter to
increase. In the static state the bias was .6 volts, if the ne&ative si&-
nal has a nezative peak of 30 millivolts, the difference of potential be-
comes .63 volts, causin& the transistor to conduct more. If the volta&e
increases, the current will increase, causin& more volta&e to be dropped
across the load resistor CR.) and less volta&e at the output.

If the input is applied to the emitter and the output is taken from
the collector. This amplifier cannot amplify current. Remember that lO~
of the current is felt in the emitter, but only 95~ of the current is felt
in the collector. This indicates the current lain has to be le8s than one
because the collector will never feel lO~ of the current. The small in-
put volta5e to the emitter did cause a larle chan5e in the volt.5e on the
collector, so this type amplifier will have a hilh volt.5e 5ain.

The Common-Base Amplifier operates !ood in the hi!h frequency ranse
which makes it extremely useful is television Preamplifiers and FM Tuners.

REFER TO FIGURE 18.
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R2 ar.d R3 establishes the base bias voltage to determine the operatin&
point ot 4)1. C1 i8 a bypass capacitor. If any AC si~nal is felt at TP2
it would change the "operatin& point or base bias and cause the conduction
of Q1 to chan&e. The capacitor places TP2 at Iround level to an AC .il-
nai, thus the DC volta&e at TP2 will remain constant. R1 and 26 ..tabli.h
the amplitude of the input .icnal.

COMMON COLLECTOR AMPLIFIER

The input 8isnal is placed on the base of IL colllnon collector the 8ame
as was done for a coJlUnon emitter, but the OUtp1Jt is taken from the emit-
ter. The input impedance is hiSh for a CoDlnon Collector becau8e of the
reverse bias of the base-collector junction. The output impedance i. low
because; of the bypass capacitor which is normally placed in the collector
circuit or the low resistance to AC offered by the power supply, wt1ich
only leave. the load resistor in the emitter and the resistance of the
conductins transistor for an output impedance.

The CO1m\On-Collector Amplifier has no phase shift between the input
and output si&nals. Also the voltage lain will always be less than one,
but the current lain will be &ood. The amount of current on the base,
which is the input, is much less than the current in the emitter, which is
the output.

The Collmon-Collector Amplifier is solnetimes referred to as an Emitter
Follower. If th4~ voltage on the base ~oes positive. the emitter voltag.e
will follow the base volta~e.

The Connon-Collector Amplifier is mostly us:ed for impedance matchinc
and as Isolatj.on Amplifiers. If the input sicnal is low in amplitude, all
of the input si~nal will be dropped across the hi~h impedance input and
there will be no output 8i~nal. The hiCh impedance at the input causes
very little current to flow between the input source and the amplifier, so
it isolates the sicnal from each sta~e.
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REFER TO FIGURE 22
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STATIC STATE

With no input si&nal to the base of the Coanon-Collector Amplifier and
DC volta&e applied, a bias volta&e will be developed across R2 to the ba.e
of Ql. .ith a positive 12VDC applied to pin O. 22 will drop 6.7.VDC and
place 5.26VDC on the base of Ql. With this +5.26VDC applied to the ba.e.
Ql will conduct. Current will flow from &round thru load re.i.tor R3 and
develop a yolta&e drop of ..51VDC. Thi. ..51VDC will be felt on the 88it-
ter and Ql will continue to conduct until .ome chan&e is made to the cir-
cuit or the power is removed.

DYNAMIC STATE

When the positive alternation of the input sitnal is applied to the
base of the transistor, it will aid the forward bias of Ql and cause the
transistor to conduct harder. If Ql conducts more, the current flow will
increase thru the circuit. If the current thru the load resistor in-
creases, it will develop more voltage drop causing the output volta&e to
increase. If the input increases, the output will increase.

Du~ing the negative alternation of the input signal. the base bias
voltage will be dec~eased. the ne&ative alternation will subt~act f~om the
bias voltage established du~ing the static state. If the bias voltage
dec~eases. the cu~~ent flow th~ough the ci~cuit will decrease and the
voltage developed ac~oss the load ~esisto~ will dec~ease in amplitude.
Again if the base voltage dec~eases the output voltage will decrease.

Cl and C2 8t"e coupling capacitot"s fot" the input and outpu,t siz,nals.
Rl is used to detennine the input amplitude of the input signal. R4 is
used to adjust the amplitude of the output siz,nal.
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